The original idea behind the virtual water (VW) concept is that water-abundant countries will become producers of water-intensive goods and consequently net exporters of water, and this will alleviate the initial unequal distribution of hydric resources. We criticize this optimistic view by introducing empirical evidence that is consistent with the Heckscher-Ohlin model of international trade. We find that, though virtual water exports are increasing in the combined availability of water and arable land when comparing countries with a similar level of available water-land resources, those with higher (lower) levels of physical-human capital tend to be net importers (exporters) of water. This result relies on the intuition that high levels of capital accumulation lead water to become a relatively scarce factor in developed countries. Thus, while more developed countries shift away from agriculture, less developed countries that lack sufficient capital do not have this option and end up using water resources even if they are not abundant. Such a trade pattern could create immediate economic benefits for less developed countries, but also exerts pressure on their water resources. Therefore, prioritizing economic development in countries that have limited water availability, may be crucial to avoid excessive usage and depletion of global water resources.
Introduction
The concept of Virtual Water (VW) was first coined by the geographer John Allan in the early 1990s in response to the popular belief that water shortage will be a major cause of future wars (see Allan, 1998; and Allan, 2003) . The major promise of VW is that countries that have limited availability of fresh water resources can offset their internal shortage of water by importing water-intensive goods from water-abundant countries (Hoekstra and Chapagain, 2011) . The term is very well advertised and has been widely used in policy and scientific discussions and is one of the cornerstones of global water discourse.
The predictions of VW look appealing and optimistic. If all countries follow what the mainstream VW discourse suggests, then the ex-post (after trade) distribution of water consumption across different countries should be smoother than the ex-ante (before trade) distribution of water endowments.
While we appreciate the fundamental insights of the virtual water trade paradigm, we take a critical stance in relation to some of its predictions. Using a Hecksher-Ohlin (HO) type framework, our empirical analysis clearly indicates that virtual water trade, at least in its original form, may not achieve the promised goal of alleviating problems related to limited availability of water resources in certain areas of world. Moreover, VW trade may not necessarily result in a more equal ex-post distribution of water across different countries.
We show that those countries that have greater endowments of b oth arable land and water resources may not necessarily have a comparative advantage in producing water-intensive goods if they also have high levels of capital. The relative abundance of capital makes these countries water scarce and causes them to become potential "importers" of water.
We are not the first to critically examine the concept of virtual water. Several pap ers have done this in the past, and we build our contribution on the insights offered by previous researchers. Yang and Zehnder (2007) acknowledge that the virtual water literature has raised awareness regarding global water scarcity but has failed to stimulate practical policy implications. Using the standard HO model of trade, other papers have provided critical discussions of the role of virtual water.
The two closely-related papers to our work are Ansink (2010) and Reimer (2012) . Ansink (2010) refutes the major claim of the virtual water paradigm by illustrating cases in which the HO model does not necessarily imply a more equal distribution of water resources. Reimer (2012) , however, defends the validity of the HO model by showing that it is actually consistent with a more even relative redistribution of water resources. We build on the discussion by illustrating how Ansink's claim remains, since the relevant dimension when assessing the validity of the virtual water promise is the impact of trade on the absolute distribution of water resources.
Other papers including Wichelns (2010) have also discussed and pointed out the shortcomings of the virtual water paradigm in explaining the stylized facts, and therefore in failing to provide solid foundations for policy making. As an example of a more empirical study, Kumar and Singh (2005) use cross-country data from 151 countries showing that pure water endowments do not fare well in explaining much of the virtual water trade. There also exists a rich strand of literature that assesses global and regional virtual water trade flows using empirical data. Some examples include Oki et al. (2003) , Dietzenbacher and Velázquez (2007) , Guan and Hubacek (2007) , Feng et al. (2012) , and Bae and Dall'Erba (2018) . Gawel and Bernsen (2011) and Antonelli and Sartori (2015) provide the most recent review of the academic and policy debate surrounding the notion of virtual water. Sayan (2003) tests the validity of the Heckscher-Ohlin model using data from 11 MENA countries. Debaere (2014) is one the few papers that study the role of water abundance in determining countries' exports of water intensive goods. The paper affirms that water abundance is a source of comparative advantage; however, it also demonstrates that water has a weaker power in explaining trade patterns compared to the classic production factors (labor and capital). Although we use the same dataset employed in Debaere (2014), we adopt a partially different approach. First of all, in line with the existing literature based on the HO theory, we use a measure of net-exports as a dependent variable; whereas considering only exports, Debaere (2014) tests a quasi Heckscher-Ohlin model (see Romalis, 2004) . This allows us to take into account the presence of intra-industry trade. Second, we reduce the input space going from four separate factors to two composite factors. Indeed, as argued by Leamer and Bowen (1981) , Aw (1983), and Forstner (1985) , when there are more than two factors of production, usual regression procedures provide inappropriate tests of the factor proportions theory.
International trade models other than HO have also been used to explain VW flows. Fracasso (2014) estimates a trade gravity mo del and finds that bilateral flows are affected by water endowments and pressure on water resources in addition to the classic determinants of the gravity model. Utilizing the same model, and examining VW flows across the Mediterranean basin, Fracasso et al. (2016) verify that larger water endowments do not necessarily result in more VW exports. Seekell et al. (2011) use trade data to argue that VW flows are directed by global economic structures and trade relations rather than by the relative scarcity of water within nations. They also argue that VW trade is unlikely to mitigate water inequality as the water used in agriculture (the dominant water need of countries) cannot be completely compensated by VW transfers. In a study with a similar approach and conclusion, Suweis et al. (2011) find that 4% of international trade connections account for 80% of virtual water transfers. Putting weight on abundance, Lenzen et al. (2013) include the scarcity of water resources at the country level to analyze global water trade and draw a new structure of global virtual water networks under this assumption.
Our contribution can be summarized as follows. First, by using a hierarchical, multi-scale decomposition technique called treelet algorithm, we show how a model with four separate factors of production can be reduced to a model with two composite factors without losing relevant information. This methodology allows us to exploit the disperse correlation structure of country-and industry-level data and solve the econometric problems related to estimates of the HO model. Second, we highlight that the HO model is not inconsistent with the fact that trade may indeed lead to a less equal distribution of water resources. In particular, we show that countries that have a relative abundance of water (and arable land) versus capital (human and physical) will tend to be net exporters in sectors that display a relative intensity of these factors (i.e., agriculture versus manufacturing/services). Finally, we show that the main difference between the exporters and importers of virtual water is not their endowment of natural resources, but their capital endowment. This implies that there exists a threshold level of capital above which a country is a net-importer of VW, and below which it turns out to be a net-exporter of water resources. These findings have significant policy implications in relation to economic development. Indeed, our theoretical and empirical analysis suggest that the production and export of water-intensive goods in less developed countries is a natural consequence of free trade.
The rest of the article is organized as follows. Section 2 provides a brief background of the importance of global water trade and presents some stylized facts. Section 3 introduces the theoretical framework, and the empirical analysis follows in section 4. Section 5 concludes the article and proposes topics for future research.
Background and Motivating Facts
The trade of virtual water becomes important in a world in which there is a significant unevenness in the initial distribution of water resources.
5 Stylized facts based on World Bank data highlight that the inequality of water distribution is indeed a relevant issue and appears to have increased over time. Figure 1 illustrates four measures of global endowments of fresh water resources over time. In each plot the single bars represent cross-country statistics of per-capita water endowments for a particular year. The figure therefore highlights the 5 Another source of comparative advantage may be related to differences in relative productivity across countries (gains from from trade due to specialization), which we abstract from in our analysis. We make it clear that our analysis is focused on the pattern of embedded water trade between countries. We take no stance regarding the relation between economic development and the efficiency of the agricultural production and distribution process. of the per capita distribution of water, the lower left panel is the Gini coefficient, and the right lower panel is the skewness of the distribution. All three reported statistics suggest that water distribution has become more unequal and also skewed over time.
Unlike other natural resources, water has certain distinguishing features which make its global distribution particularly critical. Commodities such as crude oil, natural gas, timber, copper, coal, etc. can be produced in one location and economically transported to others for consumption and production purposes. Indeed, some rare earth materials are produced only in a few sites and are distributed globally. Water differs from these commodities in its non-transportability (given the current transport costs and market prices). Therefore, the spatial distribution of water resources is an extremely relevant issue.
Though water is not easily transportable across the globe, population can move between water scarce and water abundant countries. The free movement of population can potentially create a more equal per-capita endowment of water across countries. To scrutinize this conjecture, in Figure 2 we plot the relationship between total and per capita endowments of water across different countries. If the global population dynamics was such that a greater share of the population were concentrated in water-abundant regions, then the per-capita endowments should be close to each other and the best fit line should be vertical (i.e independent of the total water endowment of the country). However, as we see in Figure 2 the actual behavior does not follow this pattern, and there is a significant degree of variation in the distribution of water resources per capita across countries.
Theoretical Framework
We adopt a simple theoretical framework to illustrate our ma jor p oints and examine the promise of VW. This framework follows the core logic of the HO model of international trade based on two goods, two countries, and two production factors. Using the standard notation of international trade models, the two countries, home and foreign (where we denote the latter with an asterisk (*)), are characterized by different endowments of water and capital. The water endowment (WL)i n c l u d e sb o t hw a t e r( W )a n da r a b l el a n d( L), while capital (KH) includes both physical (K)andh umancapital(H), which by assumption are internationally immobile. In order to concentrate on the relevant issues, we focus on the trade-off between water-land and capital per capita, assuming that all goods can be produced combining these two factors. Therefore, the prodcution of each of the the two commodities requires a combination of the different factors, however, Y 1 is a water-land intensive agriculture crop and Y 2 ,i sac a p i t a l -i n t e n s i v ei n d u s t r i a lp r od u c t .
One of the main findings of the model is that, under the standard assumptions of homogeneity of preferences and technologies across countries, allowing for final goods to be traded between two countries will result in the equalization of production input prices across countries (i.e., factor price equalization), even absent any trade or mobility of production factors.
If the two countries have a sufficiently similar ratio of factor endowments, they will produce in the so-called cone of production, in which both countries will use the same combination of resources; though, they may produce different quantities of each good. In other words, the HO model predicts that under this setup, the capital abundant country will produce more of the capital intensive good, whereas the water abundant country will focus on the water intensive good as ilustrated in Figure 3 .
If the global trade of virtual water follows the predictions of the Heckscher-Ohlin model, the local scarcity of water resources should be equal in all countries. Relatively water abundant countries will therefore produce more water-land intensive goods and will become net Countries produce both goods using the same production technology; however, since the endowment of production factors differ between two countries, each country will produce different quantities of final goods in order to fully use the endowment of two production factors.
exporters of virtual water. Relatively water scarce countries, on the other hand, will focus on producing a relatively larger quantity of capital-intensive goods and will become net importers of virtual water. However, in what follows we argue that comparative advantages are not sufficient to allow for trade to lead to a more equal redistribution of water resources as implied by the VW paradigm. In particular, when trade occurs between two countries, one of which has an absolute scarcity of all factors with respect to the other, it may not necessarily lead to a more equal distribution of water. For instance, consider the following two trade partners:
(a) An arid or semi-arid country (e.g., Mongolia, Afghanistan, etc.) that is also poor in other production factors (in particular capital). This country may have a very high ratio of water-land to capital. Therefore, following the predictions of the HO model it may become an e te x po r t e ro fv i r t u a lw a t e r .
(b) A water abundant country (e.g., Australia, Canada) that also has large endowments of other production factors (e.g., capital or skilled labor). This country's resources may be channeled toward producing goods using those abundant resources. In practice a developed country with high productivity in the service and industrial sectors, may find it non-economic to produce agriculture products, despite having a significant endowment of water. This will result in a large volume of unused water in a water-abundant country, potentially putting pressure on water resources in a less-developed but more arid country.
In this case, the resulting equilibrium trade path delivers opposite predictions with respect to those implied by the virtual water paradigm. Both countries will gain from trade and the arid country may enjoy a high export value; however, the ex-post distribution of water resources in absolute terms may become even more unequal. In this sense, this result may provide a partial explanation for the stylized facts presented in the previous section. The main determinant of virtual water trade is the relative scarcity of water and land with respect to capital as factors of production. In particular, as our empirical analysis in the next sections indicates, if water abundant countries are also those that are more rich in capital, the optimistic promise of virtual water trade may remained unfulfilled.
To make this p oint clearer, we resort to the example made by Reimer (2012) in contesting the claim made by Ansink (2010) , that there may not be a "levelling" of water around the world. If the pattern of global trade is such that countries that are relatively scarce in water with respect to capital are also those that are absolutely more abundant in water, then as correctly observed by Reimer these countries are also essentially "larger", since they are more abundant in both factors. Notice that since the HO model is a two country model, this implies that applying the model to settings that have the features described above is equivalent to assuming that global trade is mainly characterized by large countries trading with smaller countries. Thus, the question we are posing is not whether the VW promise is consistent with the HO model, but rather, whether on average, countries specializing in agricultural production are comparatively scarce in both capital and water, with respect to those specializing in manufacturing and services.
More formally assume that foreign is the larger country that is endowed with a greater amount of both factors, but has relative scarcity of water with respect to home. We represent the vector of factor endowments with V (V * ), gobal income with Y g and the share of global income with s (s * ). Applying the standard assumptions of the HO model of identical homothetic preferences, and identical goods prices via trade, foreign's demand for goods is just the share of world output s * Y g . In order to obtain the factor content of consumption, which is the relevant variable to determine the net export of factors, we define A as the matrix of factor demands, where each row of the matrix represents the quantity of each factor needed to produce a given good. Considering the global endowment vector V g = V + V * ,f a c t o r market clearing implies that AY g = V g .T h e r e f o r et h ef a c t o rc o n t e n to fc o n s u m p t i o nf o r home (foreign) is simply equal to sV g (s * V g ).
Now consider the same numerical example made by Reimer (2012) , in which the two production factors are water-land (WL)a n dp h y s i c a la n dh u m a nc a p i t a l( KH):
Assuming that s =20%ands * = 80%, we obtain the following values for the factor content of consumption of each country:
First notice, that the HO model implies that trade leads to a more even local distribution of factors, since now both countries consume a bundle of goods that contains a 1-to-1 proportion of factors. However consider the net exports of water-land and capital in each country: nx wl =2 0 − 10 = 10 and nx wl * =30− 40 = −10 nx kh =5 − 10 = −5a n dnx kh * =45− 40 = 5
Notice that home which is absolutely scarce in both resources is now a net exporter of water (and importer of capital), since capital is the locally scarce factor. Indeed, the smaller country specializes in water intense goods in order to increase its consumption of capital intense goods. Thus countries that are already water scarce will tend to reduce their consumption of water leading to a less even distribution of water, and more even distribution of capital across countries. This example therefore illustrates that the HO model is not inconsistent with the result that trade may indeed lead to a less even distribution of water.
This allows us to state the following empirical predictions that we aim to verify in the next section:
The Role of Capital. If water abundant countries tend to have an even larger endowment of capital, the trade of virtual water will only have a minor role in equalizing the initial distribution of water resources.
Reverse Direction of Trade. The relatively water-abundant (scarce) countries may become net importers (exporters) of water.
Empirical Analysis

Sample and Variables
This study takes advantage of the cross-country dataset described in Debaere (2014) .
The primary sources of the initial dataset, together with a brief description of the variables entering the analysis, are provided in Appendix A (Table A1) . We use data from Feenstra et al. (1997) to supplement the dataset with a measure of multilateral import. This additional variable is necessary to compute the net exports from each country in each industry. The final sample consists of 68 countries (developed and developing) and 194 industries. Due to missing values, we have a total number of observations equal to 11,187, although our regression analyses drop out 13 singleton observations. Table A2 in Appendix A shows the sample composition by country.
In line with the existing literature on the HO theory, our dependent variable is a measure of net exports (NX) (see, e.g., Deardorff, 2011; Forstner, 1985; Romalis, 2004; Nunn, 2007; Levchenko, 2007; and Debaere, 2014) . 6 Because we consider a multilateral trade context instead of bilateral trade, we cannot ignore the existence of intra-industry trade, and therefore net exports undoubtedly represent the most appropriate dependent variable. In this way, we control for the fact that, in a specific sector, a country might be simultaneously an exporter and an importer.
The set of independent variables can be divided into two groups. The first group consists of four different variables measuring the country's endowments of water, land, physical and human capital; whereas, the second group refers to four variables capturing the sectors' factor intensities. As a measure of water endowment (W ), following Gleick and Cohen (2009) , and
Debaere (2014), we take the natural logarithm of country's available renewable fresh water per capita (cubic kilometers per capital). This variable measures the quantity of renewable water that can be used for human activities without threating environmental sustainability and is the sum the average annual surface runoff and the groundwater recharge (see Johnson et al., 2001; Gleick and Cohen, 2009; Debaere, 2014) . As argued by Debaere (2014) , this measure of water endowment is particularly appropriate if one is concerned about endogeneity issues, because it is not related to the current use of water. Moreover, the endowment of renewable fresh water per capita captures the opportunity cost of water much better than other measures based on water prices. Indeed, the markets for the production factors of the agricultural sector (in particular water) are either missing or are highly regulated or subsidized by the government. These institutional frictions and distorted price signals do not reflect water scarcity or firm-level production choices, which might significantly differ from those that would result in the presence of a competitive market clearing price. In contrast, the per capita endowment of water implicitly proxies the cost of water scarcity, since rationing and shortages are more likely when water is scarce.
Data on the endowment of land (L) comes from the World Development Indicators (World Bank) and is the natural logarithm of arable land in hectares per capita in 1997. The stock of physical capital K corresponds to the natural logarithm of the average capital stock per worker in 1992; whereas, the stock of human capital H is the natural logarithm of the ratio of workers completing high school to those not completing high school in 1992. The primary source for both stocks of capital is Antweiler and Trefler (2002) .
Moving to the sectors' factor intensities, the measure of water intensity (w d b )istherelative ranking of US direct blue water intensities. Blue water refers to water from rivers, lakes, and groundwater that can be used in production activities. Although blue water is particularly important for households' consumption, the water used for the production of agricultural and industrial products can come from both blue and green water resources and may or may not have a grey water footprint, where green water represents the part of rainwater absorbed by soil and vegetation. This implies that world countries may significantly differ in terms of the nature of their virtual water import and export. Indeed, some water-stressed countries (e.g., Iran) may paradoxically become net exporters of blue water even if, overall, they are net importers of water. This happens because water-abundant countries are usually large exporters of green water and therefore, we may have that some net importers of water actually export blue water and import green water, experiencing additional pressure on their blue water resources. Therefore, it is important to test whether our conclusions hold even when we augment the model with indirect blue water intensities (w di b )a n dg r e e nw a t e r intensities (w d gb and w di gb ). While direct water is the water directly used to produce a certain good, indirect water refers to the quantity of water embedded in intermediate inputs such Finally, physical and human capital intensities (k and h,respectively)comefromBartlesman and Gray (1996) . Debaere (2014) uses the skill and capital shares for agricultural sectors from GTAP to increase the number of industries for which physical and human capital intensities are available. 
Uncovering the Structure of the Data
There exist different ways to determine the underlying structure of a dataset. Figure   4p r Table A3 in Appendix A for the underlying correlation matrix).
o v i d e sab i p l o t ,t h a ti s ,ag r a p h i c a lr e p r e s e n t a t i o no ft h ec o r r e l a t i o ns t r u c t u r eo ft h e explanatory variables (see
For the sake of readability, we omitted data p oints. The axes represent the first two singular vectors of the data matrix, while the cosine of the angle between arrows approximates the correlation between the variables. Notice that physical and human capital stocks exhibit ar a t h e rh i g hc o r r e l a t i o na sw e l la sw a t e ra n da r a b l el a n de n d o w m e n t s . I nc o n t r a s t ,t h e correlation between capital and natural resources is not so high. Regarding factors intensities, sectors characterized by a high intensity of water and land tend to be less intensive of capital, especially human capital.
Since the structure of our dataset might lead to inefficient estimates, we reduce the dimension of the initial dataset in order to improve the accuracy of the analysis. This approach is also justified by theoretical considerations. Indeed, the estimates of the HO model usually suffer from the limitations of the traditional setting: two factors, two goods, and two countries. As proved by Leamer and Bowen (1981) , Aw (1983), and Forstner (1985) , when there are more than two factors of production, most of the regression procedures used in the empirical literature provide inappropriate tests of the factor proportions theory. This happens because the HO model requires a positive-definite matrix of factors intensities.
However, this condition is sufficient only in the two-factor case, while in case of multiple factors the cone of diversification becomes an iper-space and further econometric restrictions are necessary. In the robustness check section, we will show that our approach fits the data much better than a full four-factor model in which all factors of production enter the model separately.
Statisticians often carry out a principal component analysis (PCA) to tease apart highly correlated data. However, our correlation matrix is rather sparse to use a standard PCA in which a component is usually expected to load more than just two variables. Therefore, to deal with the sparcity of the correlation matrix, we group our variables using the "treelet" algorithm provided in Lee et al. (2008) . 7 This technique is a sort of two-dimensional PCA in which the formation of groups is based on a series of Jacobi rotations to pairs of correlated variables. The final components are orthogonal and nested in a hierarchical tree combining pairs of variables. Unlike PCA, the algorithm exploits the local structure of the covariance matrix and is robust to multi-scale measures.
To extract the main components, the treelet algorithm requires specification of a cut-level for the associated clusters. We recursively determine the optimal cut-level using a cross-validation (CV) technique. In particular, we compute the sum of the variances associated with the three highest-variance components and set the cut-level when an increase in cutlevel does not lead to a substantial increase in explained variance. Panel A of Figure 5 provides a graph of CV scores against different cut-levels, the optimal cut-level (which is 3)
is represented as a "knee" in the CV score. As a robustness check, we repeated the analysis with four components, but the optimal cut-level remains 3.
As in PCA, the treelet technique can be used to uncover the latent structures of the data. Nonetheless, a treelet algorithm allows us to deal with sparse correlations. This new approach leads to a multiscale decomposition of variables into orthogonal components (factors) that reflect a hierarchical scheme. Panel B of Figure 5 displays the hierarchical tree behind our data and sorts the corresponding clusters according to the variances of the associated components. In line with Figure 4 , our data can be summarized with three main components. A first component captures the strong correlation between physical and human capital. Indeed, the accumulation of physical capital also facilitates the accumulation of human capital (see, e.g., Acemoglu, 1996; and Galor and Moav, 2004) . The second component confirms the fact that water-intensive goods, such as agricultural products, are also land-intensive goods (see, e.g., Merett, 2003; and Allan, 2003) . This component is strongly associated with the distinction between agricultural and manufacturing sectors.
The point biserial correlation coefficient is 0.843, and it is statistically significant at 1%, where agricultural sectors are characterized by a significantly higher value of wl (3.899) than manufacturing ones (-0.308). Finally, the last component deals with the positive association between the availability of water and the endowment of arable lands. After these three components, the fourth component would be a combination of the first and third components, whereas the fifth component would put together the endowments of resources and physical capital intensity. Human capital intensity is the most redundant variable. 
Virtual Water and HO Theory
Given the results of the treelet analysis provided in the previous section, we can now design a proper test for the factor proportion theory. In particular, by adopting the so-called "interactional approach" pioneered by Deardorff (2011), and Forstner (1985) , we can test our theoretical predictions. This approach consists of regressing net exports on a set of country-level factors endowments and industry-level factors intensities.
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Formally, we estimate the following mo del:
where α s is a vector of sector fixed effects; NX sc is the natural logarithm of the exportsto-imports ratio for country c in sector s; WL c and KH c are the endowments of resources for country c as indicated by the treelet analysis; wl s is the water-land intensity of sector s resulting from the treelet analysis; elasticity coefficients are in small, greek letters and ε sc is the disturbance term. 9 Since production technologies are certainly heterogeneous across industries, but they might be common across countries, we use a standard Hausman test to compare a model with both country and industry dummies with a model with only industry dummies. We have found that these two specifications do not differ significantly, and therefore we opted for the most parsimonious specification. Indeed, this specification has at least two important advantages: it is more efficient than a specification with two large sets of dummies and allows us to estimate also the direct effects of factors endowments on trade flows. As argued by Forstner (1985) , on average, the OLS estimates of an interactional regression test of the HO hypothesis must be positive, and this must be true for both total and partial effects. Table 2 shows the OLS estimates of Equation (1) using different definitions of water intensity to construct the water-land intensity component (wl s ). In Column 1, the waterland intensity is based on land and direct blue water intensity. Column 2 considers a measure of water-land intensity, taking into account both direct and indirect blue water intensity. In Columns 3 and 4, the water-land intensity measure is obtained by also considering green water intensities.All regressions include a full set of industry dummies; whereas, according to the Hausman tests reported at the end of the table, country dummies are unnecessary.
Consistently with the inclusion of a full set of industry dummies, we clustered the standard errors at the industry level.
All columns of Table 2 deliver the same results. In line with the HO Theorem, the coefficient of the interaction term between water-land endowment (WL)a n dw a t e r -l a n d intensity (wl) is positive and statistically significant at 1 percent. This means that countries characterized by water-land abundancy export more in sectors characterized by a higher water-land intensity. In contrast, the interaction term between KH and wl shows that when the endowment of capital factors increases countries tend to be net importers of water-land intensive goods and net exporter in sectors characterized by a low water-land intensity (i.e., manufacturing industries not related to food processing). The direct effect of WL on net exports is negative and slightly significant; whereas the coefficient of KH is positive and highly significant. Hence, in sectors characterized by a water-land intensity close to zero, the endowment of capital factors is a key feature of net exporters. 
On the Re-distribution of Resources
Equation (1) allows us to frame our findings into a typical North-South model in which the more developed North produces manufactured goods, and the less developed South produces agricultural goods. As shown in Table 2 , countries with a high endowment of water and land (WL)s h o u l de x p o r tm o r ei nt h o s es e c t o r sc h a r a c t e r i z e db yah i g hi n t e n s i t yo fw a t e ra n d (1). In Column 1, we interact the water-land endowment with a water-land intensity based on direct-blue water intensity. Column 2 uses a water-land intensity component based on both direct and indirect blue water. In Columns 3 and 4, we re-estimate the models of Columns 1 and 2 also considering green water intensities. All estimates include a full set of sector dummies. We dropped 13 singleton observations. Clustered standard errors are in parentheses. Significance: *p<0.1, **p<0.05, ***p<0.01. North will be a net exporter of manufacturing goods whereas South will be a net exporter of agricultural goods.
Figure 6 is perfectly consistent with HO Theorem. However, the fact that North is relatively more abundant of capital does not imply that its endowment of water and land is lower than South's endowment. Indeed, North can be more abundant of both natural and capital factors but relatively more abundant of capital. If this is the case, South will be a net exporter of water-land intensive goods and the distribution of hydric resources would be even more uneven after the international trade.
To address this important redistributive issue, we use the predicted values of net exports coming from Column 1 of Table 2 ( d NX sc )andmultiplythisv aluebytheblue-waterintensity coefficient of sector s.T h i sn u m b e ri sam e a s u r eo fw a t e rt r a d e db ye a c hc o u n t r yi ne a c h sector. Thus, by summing all water traded in each sector, we will obtain a measure indicating whether a country is a net exporter or a net importer of water. Figure 7 shows the relationship To confirm the graphical evidence provided in Figure 8 , Table 3 reports a t-test comparing the factors endowments of exporters and importers of water. According to this test, exporters of water are not more abundant of water and land than importers of water; in contrast, exporters of water are absolutely and relatively more abundant of capital factors than importers. These features of data are well captured by our components WL and KH.
In line with HO theory, the ratio WL/KH is higher for exporters of water than for importers of water.
Robustness Checks
In this section, we address those issues potentially affecting our conclusions. First of all, the endowment of water is by definition a stock measure, but countries may also use as productive factor the water coming from precipitations, which is a flow variable. Therefore, following Debaere (2014), we replace the endowment of blue and green water with precipitation data. We expect the results to be consistent with the estimates provided in Table 2 .
Second, factor intensities derive from US technologies. We cannot exclude that, especially for agricultural sectors, the different availability of water affects the variety of goods produced and exported by each country. Debaere (2014) proposes to adjust the US water intensity with Mekonnen and Hoekstra (2011) data on the countries' intensity of green and blue water employed in agriculture. Table 4 presents the new estimates. In Column 1, we replaced the water-land endowment (WL) with the natural logarithm of annual precipitations (per capita). In Column 2 of Table 4 , wl is the result of the treelet algorithm in which water intensity takes into account
Mekonnen and Hoekstra's data. Finally, in Column 3 we consider both measures at the same time.
Finally, we aim to test the reliability of our analysis based on the space reduction algorithm. To do this, we compare the division of countries into net exporters and net importers of water based on observed data with two model-based classifications: the one coming from Notes: This table contains the robustness checks for our estimates. In Column 1, we replaced the water-land endowment with the natural log of annual precipitations (per-capita). Column 2 uses a water-land intensity component in which the US water intensity has been adjusted with Mekonnen and Hoekstra (2011) data. Columns 3 considers both changes together. All estimates include a full set of sector dummies. We dropped 13 singleton observations. Clustered standard errors are in parentheses. Significance: *p<0.1, **p<0.05, ***p<0.01. our analysis and the one obtained by estimating a four-factor interactional model. Table 5 shows the results of both a simple Pearson's correlation analysis and a tetrachoric correlation analysis for binary variables. Although a correlation analysis would lead to the same conclusions, a tetrachoric correlation provides more reliable results. In particular, it assumes al a t e n tb i v a r i a t en o r m a ld i s t r i b u t i o nf o re a c hp a i ro fg r o u p s ,a n de v e ni ft h em e a n sa n d variances of the latent classification are not identified, the correlation between them can be estimated from their joint distribution (see Edwards and Edwards, 1984) . As shown in Table   5 , compared to a four-factor model, our reduced model provides a classification of countries that is closer to the classification based on observational data. Indeed, our classification of countries in net exporters and net importers of water presents a higher correlation and a smaller standard error compared to the classification of countries deriving from a four-factor model.
Conclusion and Future Research
The promise of the virtual water narrative suggests that trade may lead to a more even global distribution of water resources. However, a simple application of the basic Hecksher-
Ohlin model of international trade shows that if countries that are relatively water scarce, tend to be even poorer in terms of capital, then trade may not necessarily play such a positive role. Our empirical analysis provides evidence that this may be the case, illustrating that a significant determinant of water trade is the level of capital (both physical and human) in a given country. In particular, we find that regardless of its water resources, there is always a threshold level of capital above which a country is a net importer of virtual water.
Our work represents a further step in better understanding the role of water trade in addressing global water issues. However, the virtual water metaphor requires further empirical exploration, which has so far not been possible due to limitations in data availability. however, it may deplete water resources in an irreversible and unsustainable way, eventually leading to long-run welfare losses. A rigorous examination of the proposed conjecture and a detailed welfare analysis are beyond the scope of the current paper and may represent valuable topics for future research. the sake of synthesis, we only report the correlation with our main water-intensity measure (i.e., the direct blue water intensity). However, results remain practically unchanged for all measures of water intensity. The description of the principal components as well as the dependent variables capturing water-land trade flows are reported in Table A4 . 01 . 3 2 8 -0 . 5 0 5 -0 . 5 0 2 -0 . 4 9 4 -0 . 4 4 6 5 . 9 7 2
Notes: This 
